Protein preparation and crystallization: Fe-protein and MoFe-protein from Azotobacter vinelandii were isolated and purified under anaerobic conditions as described previously.
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contained 2 µl of the precipitating solution and 2 µl of the protein mixture, and the reservoir contained 250-500 µl of the precipitating solution.
Crystallography: For the collection of X-ray diffraction data, suitable crystals were exchanged into 25% PEG 400 in five steps over one hour for cryoprotection and flash-frozen in liquid nitrogen. X-ray diffraction data were collected at ALS (BL 8.2.1) using 1.0-Å radiation. Data collection and refinement statistics are summarized in Table S1 . Data sets were processed using XDS 3 and AIMLESS. 4 The initial phases were obtained by molecular replacement using and manual rebuilding with MAIN, 8 the model was refined with PHENIX 9 with alternating rounds of manual rebuilding in MAIN and COOT. 10 The stereochemistry of the final model was calculated using MOLPROBITY 11 as implemented in PHENIX. Final refinement statistics are given in Table S1 . For consistency, the pdp-complex structure 2 (PDB ID 2AFK) was re-refined against the original diffraction data using the same protocol, with final refinement statistics listed in Table S2 . Figures were prepared using PYMOL.
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Simulated annealing omit maps were calculated by phenix.refine (Fig S1) , using the final coordinate file with all nucleotides and magnesium-water molecules deleted, applying the default values for cartesian simulated annealing and automated torsion NCS. Final R/R-free values were 0.153/0.195.
Principal Components Analysis
A principal components analysis (PCA) of the conformational changes relating a set of 21 Feprotein coordinates (Table S3 ) was conducted using methods developed by Berendsen and coworkers. 13, 14 For these calculations, a reference Fe-protein dimer (chain IDs E and F of PDB ID 1N2C) was transformed so that the molecular two-fold axis was positioned on the z axis of an residues) were used for the superposition; residues in flexible or more highly variable regions were excluded to emphasize the rigid body type motions.
The basic algorithm involves the calculation of the covariance matrix of the fluctuations of each atomic coordinate from the average value of the corresponding coordinate in Fe-protein subunits with chain IDs B, F, H, N or P:
The eigenvectors of this matrix are directions in a 3N res -dimensional space (where N res is the number of residues = 222 (the factor of 3 accounts for the individual x, y and z components) and N mol is the number of molecules = 21); motions along an eigenvector represent concerted fluctuations of residues. The eigenvalues are the sum of the squared deviations of the system for each eigenvector. The value of an eigenvalue relative to the total squared displacement of all structures from the average indicates the proportion of the total deviation contributed by that eigenvector.
The displacement of the k th structure along the j th eigenvector is given by the projection:
To calculate the rigid body rotation/transformation corresponding to the j th eigenvector, the displacement along that eigenvector corresponding to the structure k with the largest value of q j,k is calculated; this displacement is added to the reference structure and the rigid body transformation calculated by an algorithm described by Kabsch.
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The components along the top 3 eigenvectors calculated for the PCA of Fe-protein conformations are tabulated in Table S3 . The rotation axes corresponding to eigenvectors 1 and 2 (EV1 and EV2) are depicted in text Figure 3 . The sum of the squared displacements of all 222 residues in the 21 structures from the average of all their positions is 82,441 Å 2 ; the projections along EV1 and EV2 account for 72,617 Å 2 (88%) and 5,430 Å 2 (~7%), respectively, so that the contribution from all the remaining eigenvectors is ~5%.
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EV1 corresponds to a hinge bending motion as the two Fe-protein subunits qualitatively move approximately perpendicular to the dimer interface, while EV2 corresponds to a twisting motion as the Fe-protein subunits move approximately parallel to the dimer interface relative to one another. For this calculation, a translation of 2 Å along an eigenvector corresponds to ~5˚ rotation about the corresponding rotation axis. The hinge angle is the rotation angle required to relate F/B/N/P subunits to that of 1N2C subunit F (the original alf-complex structure) when E/A/M/O subunits are all superimposed on subunit E of 1N2C. Consequently, the reference state is the alf-complex and the hinge rotation is defined relative to that state. In Figure 3 , the distance between the alf-complexes and the nucleotide free Fe-protein is ~10 Å along component 1, which corresponds to ~25˚ rotation to relate these two conformations, as is observed for the hinge angle. EV1, EV2 and EV3 are the components along the top 3 eigenvectors calculated from the PCA of Fe-protein conformations. The rotation axes corresponding to EV1 and EV2 are depicted in text Figure 3 . EV1 corresponds to a hinge bending motion as the two Fe-protein subunits qualitatively move either towards or away from the dimer interface, while EV2 corresponds to a twisting motion as the Fe-protein subunits move along the interface. For this calculation, a translation of 2 Å along an eigenvector corresponds to ~5˚ rotation about the corresponding rotation axis. 
